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Abstract 9 
A key aspect of the current debate about the Anthropocene focuses on defining a new geological 10 
epoch. Features of the Anthropocene include a biodiversity crisis with the potential to reach “mass 11 
extinction” status alongside increasing global CO2 and temperature. Previous geological boundaries 12 
associated with mass extinctions, rises in atmospheric CO2 and rises in global temperature are more 13 
usually associated with transitions between geological periods. The current rapid increase in species 14 
extinctions suggest that a new mass extinction event is most likely imminent in the near-term future. 15 
Although CO2 levels are currently low in comparison to the rest of the Phanerozoic, they are rising 16 
rapidly along with global temperatures. This suggests that defining the Anthropocene as a new 17 
geological period, rather than a new epoch, may be more consistent with previous geological 18 
boundaries in the Phanerozoic. 19 
 20 
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Interest in the Anthropocene concept has increased exponentially across science, social science and 27 
the humanities in recent years (Oldfield et al., 2013). However, formalising the Anthropocene within 28 
standard stratigraphic terms is extremely difficult as it must rely on what is observed in the 29 
stratigraphic record while being intrinsically a present- and future-facing issue. There has already been 30 
much debate over whether a new epoch should be defined (e.g. Zalasiewicz et al., 2008; Autin & 31 
Holbrook, 2012; Devries Klein, 2015; Finney & Edwards, 2016; Waters et al., 2016), the timing of the 32 
potential Holocene–Anthropocene boundary (Zalasiewicz et al., 2015a), and appropriate stratigraphic 33 
markers that may be used to demarcate its onset (Zalasiewicz et al., 2014; Swindles et al., 2015), if 34 
indeed it is accepted by the International Stratigraphic Commission (ICS). Some of the times that have 35 
been proposed for the beginning of the Anthropocene have been based on ambiguous or regionally-36 
variable stratigraphic markers (see Zalasiewicz et al., 2015b). For the purposes of continuity within the 37 
International Chronostratigraphic Chart, unambiguous, globally-widespread markers in the geological 38 
record are needed to define the Anthropocene; such as the appearance/disappearance of indicator 39 
fossils, chemical signatures or abiotic markers. Two stratigraphic markers – spheroidal carbonaceous 40 
particles (SCPs) (Rose, 2015; Swindles et al., 2015) and radionuclides from nuclear weapons testing 41 
(Zalasiewicz et al., 2015a) may be well placed to provide a globally-synchronous marker for a mid-42 
twentieth century date, as they can be found in sediment successions across the globe. This 43 
corresponds with the onset of the Great Acceleration which is a period defined by rapidly increasing 44 
impact of human activities on the Earth system since the 1950s (Steffan et al., 2007). Data detailing 45 
the rapid increase in human impact (e.g. CO2, nitrous oxide, ocean acidification, human population 46 
increase, and fertilizer consumption) on the Earth system since the 1950s were first published in 2004 47 
and recently updated to reflect changes up to 2010 by Steffen et al., (2015). If the Anthropocene is 48 
formalised by the ICS, then the transition from the Holocene to the Anthropocene must be supported 49 
by the identification of a clear signal in the geological record, and given that human activity is the 50 
driver of the Anthropocene, such a signal should ideally reflect the impact of human activity on the 51 
Earth system (Hamilton, 2015).  52 
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Williams et al. (2015) have suggested that the Anthropocene may potentially mark a third stage in the 53 
evolution of the biosphere, characterised by the dominant impact of humans across planet Earth. 54 
Williams et al. (2015) discuss potential trajectories for human influence on the biosphere, both with a 55 
potential collapse of the human-dominated Anthropocene leaving only a minor trace in the geological 56 
record at one extreme and a potential major increase in human influence that leaves a much more 57 
significant mark in the geological record at the other. The authors suggest that, with the latter 58 
potential trajectory, the Anthropocene may come to mark the beginning of a third phase in the 59 
development of the biosphere. This possibility far exceeds the definition of a new geological epoch. 60 
The formalisation of the Anthropocene as an epoch may be premature as the Earth system is still in 61 
transition, and future trajectories are currently unclear. However, without significant action, the scale 62 
of humanity’s impact on the Earth system is more likely to at least match transitions between periods 63 
in the geological timescale.   64 
A key feature of this transition is a major decline in the number of species across the planet that may 65 
reach levels similar to previous mass extinction events. This potential mass extinction has been coined 66 
‘the sixth mass extinction’ in the literature (e.g. Barnosky et al., 2011; Ceballos et al., 2015). The 67 
International Union for Conservation of Nature (IUCN) reports over 800 confirmed extinctions in the 68 
last 500 years, and global extinction rate is increasing at an unprecedented pace (e.g. Ceballos et al., 69 
2015; De Vos et al., 2014; Urban, 2015; Waters et al., 2016). The current extinction rate has already 70 
far exceeded the one extinction per million species years (E/MSY) “background” geological level 71 
(Pimm et al., 1995) and will continue to increase in the near future (Pimm et al. 2014; De Vos et al., 72 
2014). True background extinction rates are difficult to estimate with wide variation between studies. 73 
For example, the value of 1 E/MSY rate was proposed based on terrestrial vertebrate fossil record 74 
(Pimm et al., 1995), but even higher rates have been suggested for mammals. For example, Barnosky 75 
et al., (2011) suggest 1.8 E/MSY whereas Ceballos et al., (2015) assessed mammal extinctions based 76 
on a 2 E/MSY background level and found that rates of extinction in the last 500 years were over 100 77 
times this level. De Vos et al (2014) suggested even greater current extinction rates approximately 78 
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1,000 times higher than natural background levels of 0.1 E/MSY based on phylogenetic analysis and 79 
diversification rates. Regardless, current extinction rates exceed all of these projections of 80 
“background” extinction (Pimm et al., 2014), which strongly suggests that a major extinction event is 81 
beginning or about to begin.  82 
The previous five mass extinctions, three of which occur over several tens to hundreds of thousands 83 
of years or more towards the end of geological periods, are characterised by a decline of at least 75% 84 
of species (Sepkoski 1996; Jablonski & Chaloner, 1994; Barnosky et al. 2011; Table 1). The fossil record 85 
is clearly imperfect, with certain plants and animals more likely to become fossils than others due to 86 
their abundance, habitat, life form and chemical composition as well as how they were actually 87 
preserved (e.g. Spicer, 1989; Greenwood, 1991; Benton et al., 2000; Gastaldo, 2001; Kidwell, 2001; 88 
Benton and Harper, 2009; McNamara et al., 2012; Bacon et al., 2015). Shallow marine invertebrates, 89 
for example, have a much more complete fossil record (Jablonski, 1991; Alroy et al., 2008) than small 90 
mammals such as bats and rodents (Plotnick et al., 2016). Different organisms also have different 91 
sensitivities to mass extinction events. For example, plants do not show globally severe responses to 92 
most previous mass extinctions with the exception of the end-Permian (Cascales-Miňana et al., 2015; 93 
McElwain & Punyasena, 2007). These differences are reflected in the fossil record by an often much 94 
clearer signal of mass extinction in the marine  compared with the terrestrial realm (Jablonski, 1991; 95 
McElwain & Punyasena, 2007), and the “Big 5” mass extinction events were first identified in the 96 
marine invertebrate record (Raup and Sepkoski, 1982; Sepkoski, 1996).  97 
The disparities between marine and terrestrial fossil records and between modern ecological and 98 
palaeobiological data make comparing modern extinction likelihoods to past mass extinctions 99 
problematic. Plotnick et al., (2016) compared IUCN mammal data to palaeoecological data and found 100 
that many of the currently at risk species do not have a fossil record. They suggest that, for mammals, 101 
greater than 75% species decline is required to generate an extinction event that would leave a fossil 102 
record similar to one of the “Big 5” mass extinction events. Although modern extinctions are severe, 103 
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they have not yet reached a level comparable with previous mass extinctions (Bamback, 2006). 104 
Although the 75% species decline is somewhat arbitrary and may over-estimate the likelihood of a 105 
mass extinction event, it remains a useful starting point to investigate current threat levels.  106 
The IUCN assesses species of plant, animal and fungi to determine their extinction risk. Currently, just 107 
under 5% (4.6%) of species within these groups have been assessed (IUCN, 2015). Within classes, this 108 
ranges from 100% of species assessed (e.g. Aves) to under 1% of species assessed (e.g. 109 
Anthocerotopsida (Hornworts) and Insecta).  interpretation of IUCN data must be considered with the 110 
caveat that only a small fraction of most classes have been assessed for their conservation status and 111 
extinction risk. This is particularly the case for several classes of invertebrate and plant. However, the 112 
assessments provide an interesting sample of species current extinction risk across groups. In order 113 
for a mass extinction to be considered in progress, a minimum of 75% observed extinctions would be 114 
needed in at least two classes (Bamback, 2006).  115 
An examination of IUCN extinction status for the species currently assessed, shows that, with the 116 
exception of Turbellaria (flatworms), for which only one species has been assessed, no class of 117 
assessed plant or animal has experienced known extinction rate at or exceeding 18% (Figure 1(a)). 118 
When data are included for species highly likely to be extinct, but not confirmed to be extinct 119 
(classified informally by the IUCN as critical, probably extinct and critical, probably extinct in the wild) 120 
(Figure 1(b)), no class of plant or animal has confirmed or likely extinct numbers at or above 35%. 121 
These percentage species extinctions across classes are far below the required 75% species extinction 122 
level needed to define a mass-extinction event. Figure 1(c) combines known extinctions, likely 123 
extinctions and species classified as ‘threatened’ by the IUCN. The inclusion of the threatened species 124 
categories highlights groups that are at greatest risk of reaching the 75% threshold in the near-term 125 
future. When these threatened species are considered, 14 classes reach or exceed 75% of species 126 
either extinct or at risk of extinction. Similar to previous studies (Barnosky et al., 2011; 2012), these 127 
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data suggest that although not all these species are condemned to extinction, this is a clear warning 128 
that the mass extinction may be almost imminent.  129 
Observations of increasing CO2 (130ppm rise since ~1880; IPCC, 2013), temperature (1°C higher than 130 
the pre-industrial level; IPCC, 2013), and changes to ecosystem structure (urbanisation, agriculture, 131 
deforestation, acidification of freshwater and marine environments), although not directly 132 
comparable to events in the geological record, are not dissimilar to  the early onset stages of previous 133 
mass extinction events (Wagner et al., 2006; McElwain et al., 2009; Roopnarine & Angielczyk, 2015).  134 
In comparison to the three most recent mass extinctions that are all associated with changes to the 135 
global carbon cycle, these current rises are quite modest. For example, the end-Permian mass 136 
extinction was characterised by an increase in CO2 of ~2,000ppm (Payne et al., 2010; Clarkson et al., 137 
2015; van de Schootbrugge & Wignall, 2015; see Table 1) and a rise in global average temperature of 138 
~8°C (Payne et al., 2010; Retallack, 2013; van de Schootbrugge & Wignall, 2015; see Table 1). Similarly, 139 
the end-Triassic mass extinction was characterised by an increase  in CO2 by ~1,500ppm (McElwain et 140 
al., 2007; Steinthorsdottir et al., 2011; Schaller et al., 2011; van de Schootbrugge & Wignall, 2015; see 141 
Table 1) and in global average temperatures by ~4°C (McElwain et al., 2007; Schaller et al., 2011; 142 
Retallack, 2013; van de Schootbrugge & Wignall, 2015); see table 1). Therefore, while these modern 143 
increases are highly concerning, once again they are not at the level associated with a major 144 
environmental change linked to mass extinction events.  145 
The current increases in extinction rate, temperature and CO2 are characteristic features of the 146 
Anthropocene. These environmental variables have been linked with mass extinction events, many of 147 
which occur towards the end of geological periods in the Phanerozoic. However, extinction is not yet 148 
at a level that can be clearly identifiable in the geological record across the globe (Plotnick et al., 2016). 149 
Currently, increases in global temperature and CO2 concentrations are in transition and have yet to 150 
reach their peak levels (IPCC, 2013). However, these variables are on track to match or exceed the 151 
levels seen across the most severe mass extinction events in Earth history (Barnosky et al., 2012; 152 
7 
 
Ceballos et al., 2015). Modern extinction levels, alongside increases in temperature and CO2 are driven 153 
by human activity. Therefore, depending on the near-future trajectories of these environmental 154 
variables which remain uncertain (Williams et al., 2015; IPCC, 2013), proposing the Anthropocene as 155 
an epoch may be in haste. Although the more conservative definition of the Anthropocene as an epoch 156 
may be approved by the ICS in the short-term, it is perhaps useful to be mindful of geological and 157 
biological signals that may support the definition of a new geological period in the medium-term (next 158 
100–200 years). Perhaps debates over the timing of the Anthropocene boundary would be better 159 
focussed on considering the likelihood of a new period in the next century rather than a new epoch in 160 
the 20th Century to define the age of human dominance on the Earth system. In the mid-term future, 161 
a new period boundary may completely overwrite the proposed epoch boundary for the 162 
Anthropocene. 163 
 164 
Acknowledgements 165 
We would like to thank the anonymous reviewers for helpful and constructive reviews. 166 
Funding 167 
This research received no specific grant from any funding agency in the public, commercial, or not-for-168 
profit sectors. 169 
 170 
References 171 
Alroy J, Aberhan M, Bottjer DJ et al., (2008) Phanerozoic trends in the global diversity of marine 172 
invertebrates. Science 321: 97–100. 173 
Autin WJ and Holbrook JM (2012) Is the Anthropocene an issue of stratigraphy or pop culture? GSA 174 
Today 22(7):  doi: 10.1130/G153GW.1. 175 
Bacon KL, Belcher CM, Haworth M, et al., (2013) Increased Atmospheric SO2 Detected from Changes 176 
in Leaf Physiognomy across the Triassic–Jurassic Boundary Interval of East Greenland. PLoS 177 
ONE 8(4): e60614. 178 
8 
 
Bacon KL, Haworth M, Conroy E, et al., (2015) Can atmospheric composition influence plant fossil 179 
preservation potential via changes in leaf mass per area? A new hypothesis based on simulated 180 
palaeoatmosphere experiments. Palaeogeography, Palaeoclimatology, Palaeoecology: 181 
doi:10.1016/j.palaeo.2015.12.006. 182 
Bamback, RK, (2006) Phanerozoic biodiversity mass extinctions. Annual Review of Earth and 183 
Planetary Sciences 34: 127–155. 184 
Barnosky AD, Matzke N, Tomiya S, et al. (2011) Has the Earth’s sixth mass extinction already arrived? 185 
Nature 471(7336): 51–7.  186 
Barnosky AD, Hadly, EA, Bascompte J, et al., (2012) Approaching a state shift in Earth’s biosphere. 187 
Nature 486: 52–58. 188 
Belcher CM, Mander L,  Rein G, et al., (2010) Increased fire activity at the Triassic/Jurassic boundary 189 
in Greenland due to climate-driven floral change. Nature Geoscience 3: 426–429. 190 
Belcher CM, Hadden RM, Rein G, et al., (2015). An experimental assessment of the ignition of forest 191 
fuels by the thermal pulse generated by the Cretaceous–Palaeogene impact at Chicxulub. 192 
Journal of the Geological Society of London. 193 
Beerling DJ, Lomax BH, Upchurch GR, et al., (2001) Evidence for the recovery of terrestrial 194 
ecosystems ahead of marine primary production following a biotic crisis at the Cretaceous–195 
Tertiary boundary. Journal of the Geological Society 158: 737–740. 196 
Benton MJ, and Harper DAT (2009) Introduction to Paleobiology and the Fossil Record Wiley-197 
Blackwell, Chichester  198 
Benton MJ, Willis MA and Hitchin R (2000) Quality of the fossil record through time. Nature 403: 199 
534–537. 200 
Bercovici A, Cui Y, Forel M-B, et al., (2015) Terrestrial paleoenvironment characterization across the 201 
Permian–Triassic boundary in South China. Journal of Asian Earth Sciences 98: 225–246. 202 
Berner RA and Kothavala Z (2001) GEOCARB III: A revised model of atmospheric CO2 over 203 
Phanerozoic time. American Journal of Science 301:182–204. 204 
Berry BJL (2008) Urbanization IN (Marzulff, J.M., Shulenberger, E. and Wndlicher, W. eds) Urban 205 
Ecology: An international perspective on the interaction between humans and nature. pp 25–206 
48 Springer. 207 
Cascales-Minana B, Diez JB, Gerrienne P et al., (2015) A palaeobotanical perspective on the great 208 
end-Permian biotic crisis.  Historical Biology doi: 10.1080/08912963.2015.1103237. 209 
Ceballos G, Ehrlich PR, Barnosky AD et al., (2015) Accelerated modern human-induced species losses: 210 
entering the sixth mass extinction. Scientific Advances: 1:e1400253. 211 
Certini G and Scalenghe R (2011) Anthropogenic soils are the golden spikes for the Anthropocene. 212 
The Holocene 21(8): 1269–1274.  213 
9 
 
Chen D, Qing H, and Li R (2005) The Late Devonian Frasnian–Famennian (F/F) biotic crisis: insights 214 
from δ13Ccarb, δ13Corg and 87Sr/86Sr isotopic systematics. Earth and Planetary Science Letters 215 
235(1–2): 151–166. 216 
Clarkson MO, Kasemann SA, Wood RA, et al., (2015) Ocean acidification and the Permo–Triassic 217 
mass extinction. Science 348(6231): 229–232. 218 
Dean JR, Leng MJ, and Mackay AW (2014) Is there an isotopic signature of the Anthropocene? The 219 
Anthropocene Review 1(3): 276–287. 220 
De Vos JM, Joppa LN, Gittleman JL, et al., (2014) Estimating the normal background rate of species 221 
extinction.  Conservation Biology 29(2): 452–462. 222 
Devries Klein G (2016) The “Anthropocene”: What is its geological utility? (Answer: it has none!) 223 
Episodes 224 
Fastovsky DE and Bercovivi A (2016) The Hell Creek Formation and its contribution to the 225 
Cretaceous–Paleogene extinction: A short primer. Cretaceous Research 57: 368–390. 226 
Finney SC and Edwards LE (2016) The “Anthropocene” epoch: Scientific decision or political 227 
statement? GSA Today 26(3–4) doi: 10.1130/GSATG270A.1. 228 
Gastaldo RA (2001) Taphonomy of Terrestrial Plants IN Briggs DEG, and Crowther PR (Eds.), 229 
Paleobiology II, Blackwell Science, Oxford (2001), pp. 312–315 230 
Gibbs MT, Barron EJ, and Kump LR (1997) An atmospheric pCO2 threshold for glaciation in the Late 231 
Ordovician. Geology 25(5): 447–450. 232 
Grandpre R, Schauer A, Samek K, et al., (2013) Testing the terrestrial δ13C Cretaceous–Paleogene 233 
(K–Pg) chemostratigraphic marker. Palaeogeography, Palaeoclimatology, Palaeoecology 281–234 
382: 67–75.  235 
Grasby SE, Sanei H, and Beauchamp B (2011) Catastrophic dispersion of coal fly ash into oceans 236 
during the latest Permian extinction.  Nature Geoscience 4: 104–107. 237 
Greenwood DR (1991) The taphonomy of plant macrofossils IN Donovan SK (Ed.), The Process of 238 
Fossilization, Columbia University Press  239 
Hamilton C (2015) Getting the Anthropocene so wrong. The Anthropocene Review 2(2): 102–107.  240 
Hermann AD, Jaupt BJ, Patzkowsky ME, et al., (2004) Response of Late Ordovician paleoceanography 241 
to changes in sea level, continental drift, and atmospheric pCO2: potential causes for long-term 242 
cooling and glaciation. Palaeogeography, Palaeoclimatology, Palaeoecology 210(3–4): 385–243 
401. 244 
Hesselbo SP, Robinson SA, Surlyk F, et al., (2002) Terrestrial and marine extinction at the Triassic–245 
Jurassic boundary synchronized with major carbon-cycle perturbation: A link to initiation of 246 
massive volcanism? Geology 30: 251–254. 247 
10 
 
Huang C, Retallack GJ, Wang C, et al., (2013) Paleoatmmospheric pCO2 fluctuations across the 248 
Cretaceous–Tertiary boundary recorded from paleosol carbonates in NE China. 249 
Palaeogeography, Palaeoclimatology, Palaeoecology 385: 95–105. 250 
 IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the 251 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. 252 
Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley 253 
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1535 254 
pp 255 
IUCN 2015. The IUCN Red List of Threatened Species. Version 2015–4. <http://www.iucnredlist.org>. 256 
Downloaded on 2 December 2015. 257 
Jablonski D (1991) Extinctions: A paleontological perspective. Science 253: 754–757 258 
Jablonski D and Chaloner WG (1994) Extinctions in the fossil record. Philosophical Transactions: 259 
Biological Sciences 244(1307) 11–17. 260 
Joachimski MM and Buggisch W (2002) Conodont apatite δ13C signatures indicate climatic cooling as 261 
a trigger of the Late Devonian mass extinction. Geology 30(8): 711–714. 262 
Jones DS, Fike DA, Finnegan S, et al., (2011) Terminal Ordovician carbon isotope stratigraphy and 263 
glacioeustatic sea-level change across Anticosti Island (Quebec, Canada).  Geological Society of 264 
America Bulletin123(7–8): 1645–1664.  265 
Keller G, Punekar J, and Mateo P. (2016) Upheavals during the Late Maastrichtian: Volcanism, 266 
climate and faunal events preceding the end-Cretaceous mass extinction.  Palaeogeography, 267 
Paleoclimatology, Palaeoecology 441(1): 137–151. 268 
Kidwell SM (2001) Major biases in the fossil record Briggs DEG, and Crowther PR (Eds.), Paleobiology 269 
II, Blackwell Science, Oxford, pp. 299–305 270 
van Kleunen M, Dawson W, Essl F, et al.,( 2015) Global exchange and accumulation of non-native 271 
plants. Nature 525: 100–103. 272 
Korte C, and Kozur HW (2010) Carbon-isotope stratigraphy across the Permian–Triassic boundary: A 273 
review.  Journal of Asian Earth Sciences 39(4): 215–235. 274 
Looy CV, Twitchett RJ, Dilcher DL. et al., (2001) Life in the end-Permian dead zone. Proceedings of 275 
the National Academy of Sciences, USA 98(14): 7879–7883. 276 
Marzoli A, Jourdan F, Puffer JH et al., (2011) Timing and duration of the Central Atlantic magmatic 277 
province in the Newark and Culpeper basins, eastern U.S.A. Lithos 122:175–188. 278 
McElwain JC and Punyasena S (2007) Mass extinction events and the plant fossil record. Trends in 279 
Ecology and Evolution 22:548–557. 280 
McElwain JC, Popa ME,  Hesselbo SP, et al., (2007) Macroecological responses of terrestrial 281 
vegetation to climatic and atmospheric change across the Triassic/Jurassic boundary in East 282 
Greenland. Paleobiology 33: 547–573. 283 
11 
 
McElwain JC, Wagner PJ and Hesselbo SP (2009) Fossil plant relative abundances indicate sudden 284 
loss of Late Triassic biodiversity in East Greenland. Science 324(5934): 1554–1556. 285 
McElwain JC, Wagner PJ, and Hesselbo SP (2009) Fossil plant relative abundances indicate sudden 286 
loss of Late Triassic biodiversity in East Greenland. Science 324: 1554–6. 287 
McNamara ME, Orr PJ, Alcala,  Anadon LP, Penalver E, (2012) What controls the taphonomy of 288 
exceptionally preserved taxa — environment or biology? A case study using frogs from the 289 
Miocene Libros Konservat–Lagerstratte (Teruel, Spain) Palaios, 27: 63–77 290 
Nordt L, Atchley S, and Dworkin SI (2002) Paleosol barometer indicates extreme fluctuations in 291 
atmospheric CO2 across the Cretaceous–Tertiary boundary.  Geology 30(8): 703–706. 292 
Oldfield F, Barnosky AD, Dearing J, et al. (2013) The Anthropocene Review: Its significance, 293 
implications and the rationale for a new transdisciplinary journal. The Anthropocene Review 294 
1(1): 3–7.  295 
Payne JL, Turchyn AV, Paytan A., et al., (2010) Calcium isotope constraints on the end-Permian mass 296 
extinction. Proceedings of the National Academy of Sciences, USA 107(19): 8543–8548. 297 
Pimm SL, Jenkins CN, Abell R, et al. (2014) The biodiversity of species and their rates of extinction, 298 
distribution, and protection. Science 344(6187): 1246752.  299 
Pimm SL, Russell GJ, Gittleman JL et al. (1995) The future of biodiversity. Science 269: 347–350.  300 
Plotnick RE, Smith FA and Lyons SK (2016) The fossil record of the sixth extinction. Ecology Letters 301 
19: 546–553. 302 
Raup DM, and Sepkoski JJ (1982) Mass extinctions in the marine fossil record. Science 215: 1501–303 
1503. 304 
Raymond A and Metz C (1995) Laurussian land-plant diversity during the Silurian and Devonian – 305 
mass extinction, sampling bias, or both. Paleobiology 21: 74–91. 306 
Reichow MK, Pringle MS, Al’Mukhamedov AI., et al., (2009) The timing and extent of the eruption of 307 
the Siberian Traps large igneous province: Implications for the end-Permian environmental 308 
crisis. Earth and Planetary Science Letters 277: 9–20.  309 
Retallack GJ (2013) Permian and Triassic greenhouse crises. Gondwana Research 24: 90–103. 310 
Roopnarine PD and Angielczyk KD (2015) Community stability and selective extinction during the 311 
Permian–Triassic mass extinction. Science 350: 90–93. 312 
Rose NL (2015) Spheroidal carbonaceous fly ash particles provide a globally synchronous 313 
stratigraphic marker for the Anthropocene. Environmental science & technology 49(7): 4155–314 
62.  315 
Ruhl M, Kürschner WM, and Krystyn L. (2009) Triassic–Jurassic organic isotope stratigraphy of key 316 
sections in the western Tethys realm (Austria). Earth and Planetary Science Letters 281: 169–317 
187. 318 
12 
 
Schaller MF, Wright JD, and Kent DV (2011) Atmospheric pCO2 perturbations associated with the 319 
Central Atlantic Magmatic Province. Science 331: 1404–1409. 320 
Schneebeli-Hermann E, and Bucher H (2015) Palynostratigraphy at the Permian–Triassic boundary of 321 
the Amb section, Salt Range, Pakistan. Palynology 39(1): 1–18. 322 
van de Schootbrugge B, Quan TM, Lindström S, et al., (2009) Floral changes across the 323 
Triassic/Jurassic boundary linked to flood basalt volcanism. Nature Geoscience 2: 589–594. 324 
van de Schootbrugge B and Wignall PB (2015) A tale of two extinctions: converging end-Permian and 325 
end-Triassic scenarios. Geological Magazine 326 
Sepkoski JJ (1996) Patterns of Phanerozoic extinction: a perspective from global data bases. IN: 327 
Walliser, O.H. (ed) Global events and event stratigraphy in the Phanerozoic. pp 35–51 Springer-328 
Verlag. 329 
Sheehan PM (2001) The Late Ordovician mass extinction. Annual Review of Earth and Planetary 330 
Sciences 229: 331–364. 331 
Spicer RA (1989) The formation and interpretation of plant fossil assemblages Advances in Botanical 332 
Research 16: 96-91 333 
Steffen W, Crutzen PJ and McNeill JR (2007) The Anthropocene: Are Humans Now Overwhelming the 334 
Great Forces of Nature. AMBIO: A Journal of the Human Environment 36(8): 614–621.  335 
Steffan W, Broadgate W, Deutsch L et al., (2015) The trajectory of the Anthropocene: The Great 336 
Acceleration. The Anthropocene Review 2(1): 81–98. 337 
Steinthorsdottir M, Jeram AJ, and McElwain JC (2011). Extremely elevated CO2 concentrations at the 338 
Triassic/Jurassic boundary. Palaeogeography, Palaeoclimatology, Palaeoecology 308: 418–432. 339 
Swindles GT, Watson E, Turner TE, et al. (2015) Spheroidal carbonaceous particles are a defining 340 
stratigraphic marker for the Anthropocene. Scientific Reports 5: 10264.  341 
Urban MC (2015) Accelerating extinction risk from climate change. Science 348(6234): 571–573.  342 
Wagner PD, Kosnik MA, and Lidgard S (2006) Abundance distributions imply elevated complexity of 343 
post-Paleozoic marine ecosystems. Science 314: 1289–1292. 344 
Walters CH, Zalasiewicz J, Summerhayes C, et al., (2016) The Anthropocene is functionally and 345 
stratigraphically distinct from the Holocene. Science, 351: 137 346 
Whiteside JH, Olsen PE, Eglinton T, et al., (2010) Compound-specific carbon isotopes from Earth’s 347 
largest flood basalt eruptions directly linked to the end-Triassic mass extinction. Proceedings of 348 
the National Academy of Sciences, USA 107: 6721–6725. 349 
Wilf P, Johnson KR, and Huber BT (2003) Correlated terrestrial and marine evidence for global 350 
climate changes before mass extinction at the Cretaceous–Paleogene boundary. Proceedings of 351 
the National Academy of Sciences, USA 100(2): 599–604. 352 
13 
 
Williams M, Zalasiewicz J, Haff P, et al. (2015) The Anthropocene biosphere. The Anthropocene 353 
Review 2(3): 196–219.  354 
Wolfe JA, and Upchurch GR (1987) North American non-marine climates and vegetation during the 355 
Late Cretaceous. Palaeogeography, Palaeoclimatology, Palaeoecology 61: 33–77. 356 
Xiong C and Wong Q (2011) Permian–Triassic land-plant diversity in South China: Was there a mass 357 
extinction at the Permian/Triassic boundary? Paleobiology 37(1): 157–167. 358 
Xu B, Gu Z, Wang C, et al., (2012) Carbon isotopic evidence for the associations of decreasing 359 
atmospheric CO2 level with the Frasnian–Famennian mass extinction. Journal of Geophysical 360 
Research 117 G01032. 361 
Zalasiewicz J, Williams M, et al., (2008) Are we now living in the Anthropocene? GSA Today 18(2) doi: 362 
10.1130/GSAT01802A.1. 363 
Zalasiewicz J, Williams M and Waters CN (2014) Can an Anthropocene Series be defined and 364 
recognized? Geological Society, London, Special Publications 395(1): 39–53.  365 
Zalasiewicz J., Waters CN, Barnosky AD, et al. (2015) Colonization of the Americas, ‘Little Ice Age’ 366 
climate, and bomb-produced carbon: Their role in defining the Anthropocene. The 367 
Anthropocene Review 2(2): 117–127.  368 
Zalasiewicz Jan, Waters CN, Williams M, et al. (2015) When did the Anthropocene begin? A mid-369 
twentieth century boundary level is stratigraphically optimal. Quaternary International 383: 370 
196–203.  371 
 372 
Figure caption: 373 
Figure 1: Percentages of species within classes that are listed as (a) extinct (b) extinct and likely extinct, 374 
and (c) extinct and threatened by the IUCN red lists of threatened species (red line indicates 75% 375 
species extinction level). Relevant IUCN categories of species risk are: extinct – EX (known extinct 376 
species) plus EXW (known extinct in the wild species);  likely extinct – CR(EX) critically endangered 377 
species thought to be extinct plus CR(EXW) critically endangered species thought to be extinct in the 378 
wild [these are not formal categories in the IUCN red list but are part useful indicators of likely extinct 379 
species]; threatened species – CR (critically endangered), EN (endangered) plus VU (Vulnerable) 380 
species. These figures include all species and classes of animal, fungi, and plant assessed by the IUCN 381 
as of November 2015 (other than Turbellaria, which is not included because it obscures the scale and 382 
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represents one group described as 100% assessed extinction by the IUCN). Data available from tables 383 
3, 4, and 9 on the IUCN website (www.iucnredlists.org). Data downloaded December 2nd 2015.  384 
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